P
atient safety can be understood in terms of the "Swiss cheese model" of systems accidents. This model implies that many "holes" must align before an adverse event occurs. 1 The limitations on work hours instituted by the Accreditation Council for Graduate Medical Education (ACGME) 2 sought to close one hole by reducing fatigue in residents. As programs comply with these regulations, new interventions are being implemented to limit resident hours. This has resulted in more handoffs of care and therefore less continuity. The ultimate result may be to increase patient care errors by opening up new holes, the opposite of the stated goal of this reform.
Some residency programs have reported on their experience with hour reductions, giving insight into residents' perceptions on the benefits and drawbacks of such interventions. Residents have reported concern about continuity of care after such interventions. [3] [4] [5] [6] [7] However, some residents believed they provided better patient care after the interventions to reduce hours. 8, 9 Few studies have actually documented changes in the incidence of adverse events or errors as a result of work hour limitations. 10 One study conducted prior to implementation of the ACGME work hour rules demonstrated more complications in internal medicine patients after New York's Code 405 (a state regulation that limited resident work hours, similar to the ACGME rules) was implemented. 11 In contrast, another study showed that errors committed by interns were reduced with scheduling changes that resulted in shorter shifts and reduced hours. 12 Because residents are on the front lines of patient care, they are uniquely positioned to provide insight into the impact of the work hour rules on patient safety. We conducted this study to more fully understand the effect of the ACGME work hour limitations and other possible factors on patient care errors from the perspectives of internal medicine residents.
METHODS

Participants and Sites
All internal medicine residents and interns from 3 residency programs were recruited to participate in focus groups. We purposely chose programs based at diverse health care organizations. The first program was based at a university and had approximately 160 residents, who rotated at both the university hospital and the affiliated Veterans Affairs Medical Center (VAMC). The second program was based at a community teaching hospital and had approximately 65 residents. The third program was affiliated with a freestanding medical college and had approximately 95 residents, who rotated at a large, private tertiary-care hospital and also at the affiliated VAMC. Each program had a different call structure (Table 1) .
Potential participants were recruited via E-mail, which explained that the study was about common scenarios for patient care errors and how the ACGME work hour rules affected patient care and errors.
Design
We conducted 4 focus groups in total (Appendix 1). The first 3 focus groups followed the same focus group guide, developed after a literature review. Focus groups 1 and 2 were conducted at the university-based program. Focus group 3 was conducted at the community teaching hospital-affiliated program. The first 3 focus groups were analyzed before the fourth focus group was conducted. A new focus group guide was developed for the fourth focus group to further explore themes identified in the first 3 focus groups ( Fig. 1 and Appendix 2). The fourth focus group was conducted at the program affiliated with a freestanding medi- • Teams take call every fourth day. Interns stay overnight and leave on the postcall day by 1 PM. Junior or senior resident on team admits patients until 9 PM on call and returns at 7 AM postcall. Night float resident admits patients with on-call interns from 9 PM until 7 AM.
• On postcall day team resident stays the entire day, addressing all postcall clinical issues and follow-up. University
At primary teaching hospital and VA:
• Four teams, each with 1 attending, 1 junior or senior resident, 2 interns.
• Teams take call every fourth day. Interns stay overnight, whereas residents leave at 9 PM on call and return at 7 AM postcall. Night-float resident admits with interns from 9 PM to midnight, and then interns admit by themselves after midnight.
• Day-float resident present on postcall days to help team's senior resident finish the work. Freestanding medical college At primary teaching hospital:
• Six teams, each with 1 attending, 1 junior or senior resident, and 1 or 2 interns.
• Call is not as a team and is approximately every fifth day. Two residents and 3 interns take call overnight together. At VA hospital:
• Teams take call every fourth day. One intern leaves at 9 PM on call and returns at 7 AM postcall; stays until 4 PM to cover team.
cal college. All focus groups were audiotaped and transcribed verbatim. Each lasted approximately 90-120 minutes.
Intervention
The focus group guide for the first 3 focus groups consisted of main questions and follow-up prompts (Appendix 1). The focus group guide for the fourth focus group (Appendix 2) was developed based on themes from the first 3 focus groups, consistent with the iterative approach of grounded theory. 13 Some of the questions were the same as in the first focus group guide; others were added to better understand the roles of faculty, teamwork, and inexperience in patient care errors. Written informed consent was obtained before the focus groups began. Participants were paid $20 and given dinner. All internal medicine residents at the institutions included were eligible. The focus groups were held after work. Each focus group comprised participants from a single institution.
The investigators who were the moderators were all junior faculty. They did not moderate the focus group at their own institution so as to minimize barriers to the residents' ability to speak freely about their experiences. The moderators prepared for their roles through discussion and assigned reading.
14 The investigators used the focus group guide to ask questions of the group as a whole and facilitated the discussion that arose as a result. After each focus group, the moderator and assistant moderator debriefed each other about the important themes from the session.
Ethics
The institutional review boards at all sites approved this study.
Analysis
We used grounded theory to analyze the transcripts. 15 Grounded theory is an iterative process that allows for themes to arise from the data. 16 After the first 3 focus groups were completed, 5 of the investigators read all 3 transcripts at least twice and noted themes of interest in the text in a process of open coding. 13 These investigators met in August 2004 to discuss the transcripts and the themes that had been identified by the individual investigators. A coding scheme of 33 codes was devised based on this meeting and the notes of individual investigators about the process of reading the transcripts. The need to conduct a fourth focus group to further explore certain issues was also identified. Two investigators (K.F., V.P.) independently coded the first 3 transcripts using the agreed-on coding scheme. One investigator used NVivo (QSR International, Doncaster, Australia), an appropriate software package, and the other investigator coded by hand. During this process, 2 additional themes were identified. The 2 coders agreed on the need to add them, and they were incorporated into the coding scheme, yielding a total of 35 codes. Three of the investigators met again to begin constructing a model to represent the relationships among the themes. The model was developed iteratively over the following year by considering the most important themes, their relationships to one another, unifying concepts identified during the textual analysis, and team meetings. To provide additional validity, peer checking occurred. Specifically, iterations of the model were discussed by the team of investigators, in local research-in-progress sessions, with groups of residents at 2 of the parti- cipating institutions, and at national meetings. The fourth focus group was conducted at the third site in March 2005. The same 2 investigators applied the 35-code scheme and determined that thematic saturation had occurred; that is, no new themes were identified. Agreement between the 2 coders was evaluated by reviewing 15% of each transcript and dividing the number of agreed-on codes by the total number of codes assigned to each section of text. The starting point of the text checked for agreement was chosen randomly. Agreement between the 2 coders for the first 3 focus groups was 43%, 48%, and 56%, respectively. The fourth focus group was analyzed a year later, and the initial agreement between the coders was 23%. After comparison and discussion, it was clear that 1 coder had coded many passages with more than 1 code, whereas the second coder had tried to choose the most pertinent code. The second coder recoded the transcript, and a new section was compared, resulting in agreement in 45% of that section. Discrepancies between the coders were resolved by consensus. None represented major differences of opinion; rather, they usually indicated the difficulty in choosing 1 primary code to fit an utterance that could be represented by several codes.
RESULTS
Twenty-eight residents participated. Some of these residents had experience in the pre-work hour era, and some did not. Average age was 28 years (range 26-33 years); 18 were women, and 11 were interns ( Table 2 ). The focus groups ranged in size from 5 to 9. A sample of the codes and their definitions can be found in Table 3 .
The Model
The model (Fig. 2) illustrates resident-perceived contributors to patient care mistakes related to the ACGME work hour rules. These contributors are in the center circle. They include fatigue, inexperience, sign-out, not knowing their own patients well enough, "entropy" (which we defined as "the amount of chaos in the system"), and workload. They are not listed in order of importance. The boxes outside the circle are consequences of the ACGME work hour rules and their perceived impact on the contributors to patient care mistakes. At the top are the intended consequences, that is the specific goals of the ACGME: less resident time in the hospital (ie, reduced hours) and improved wellbeing. 17 At the bottom are the unintended consequences: more patient care discontinuity and compliance with the work hour rules becoming a goal equally important to providing high-quality patient care. Of these 4 consequences, only improved wellbeing was viewed by the residents as decreasing patient care mistakes. The other consequences were cited by residents as sometimes increasing patient care errors. Because of the complexity of the model, several factors not directly related to resident work hours were identified in the analysis but are not shown in the model. They include faculty involvement and team work (usually positive influences), nurses and information technology (could be positive or negative), and late-night/early-morning hours (negative).
The quotations below illustrate the relationships between the consequences of the work hour rules, resident-perceived contributors to patient care mistakes, and actual patient care.
Impact of Improved Well-Being
Residents noted that improved well-being resulting from the work hour rules could mitigate the impact of fatigue on patient care, as described by this resident who discussed late-night admissions when on night float as opposed to on a regular call night. • How not being fatigued contributes to improved patient care.
Workload
• How workload issues (eg, patient complexity) may contribute to patient care problems.
• Descriptions of times that workload was overwhelming: overextended-"Have to be in 4 places at once."
Entropy
• Residents' descriptions of too much of everything (information, interruptions); house of cards.
• How this chaos contributes to patient care problems.
• Being overwhelmed may be a facet.
Not knowing own patients • Contributors to not knowing patients.
• How not knowing patients affects patient care.
Sign-out/cross-cover • Description of sign-out practices, problems, and solutions.
Inexperience/lack of knowledge • How inexperience can contribute to patient care problems.
• Challenges and attributes of delivering patient care in the setting of learning to deliver patient care.
Personal well-being • Discussions about residents lives, spouses, homes.
• How this affects patient care.
Continuity of doctor care
• Examples of discontinuity.
• How continuity and discontinuity contribute to patient care problems.
• Other aspects or attributes of continuity or discontinuity.
Work hour rules as a goal
• Examples of compliance with ACGME rules becoming a goal in itself and its impact on patient care
from each other needs to be very well emphasized and clearly explained to the subsequent caretaker.
And if that continuity of care is disrupted in some way, either through poor communication or lack of communication or a lot of different people having different responses to specific situations, that it can lead to [an] adverse event or medical errors like we just talked about."
Discontinuity also led to team members feeling they did not know their own patients well enough, which in turn could lead to mistakes in patient care. For example, residents described discharging patients on the wrong medications, overlooking important secondary problems, and failing to anticipate drug interactions. As a resident said: "I feel you almost have to [ 
DISCUSSION
We conducted this study to better understand why internal medicine residents thought patient care mistakes occurred; we were particularly interested in how they perceived the impact of certain aspects of the ACGME work hour rules on patient care mistakes. Designing systems that achieve compliance with the work hour rules while minimizing patient risk can best be accomplished by fully understanding why errors occur.
Our study revealed that in the opinion of some interns and residents, the work hour rules had consequences for patient care. Like any intervention, this one had both intended and unintended consequences. 18 The ACGME has stated that improvement in residents' quality of life was an intended consequence, 17 and the participants in our study reported that this had occurred. Despite uncertainty about the overall impact on patient outcomes, residents were glad to have more time away from the hospital.
Our respondents reported that not knowing patients well was a factor that contributed to patient care errors. It is intuitive that working fewer hours often results in more handoffs of care, 19 a situation characterized by not knowing patients well. However, residents also identified not getting to know their own patients well as a factor that led to patient care mistakes because of (1) incomplete knowledge of a patient's status, (2) delays in diagnosis, and (3) errors in management. They also described feelings of professional disappointment and frustration at not being able to perform certain aspects of patient care (eg, family meetings) because of the hour limits and the inflexibility of the rules. As we strive to redefine professionalism in the setting of reduced work hours, 20 this phenomenon should be addressed.
Sign-out was identified as another contributor to patient care errors. The effectiveness of sign-outs is a concern across medicine, and the Joint Commission on Accreditation of Healthcare Organizations made sign-out procedures one of its priority areas in 2006. 21 Much has been written about resident sign-out, emphasizing the relationship between poor-quality sign-outs and patient safety. 19, 22 However, barriers to effective sign-out processes persist, 23 even though standardized signout strategies have been described. 24, 25 Even in a rigorous study of work hours and patient safety, the computerized sign-out template for the residents was rarely used. 12 Cross-coverage, or the patient care that occurs after sign-out is complete, has also been linked to a greater likelihood of adverse events. 26 Several factors not related to resident work hours were noted to often mitigate patient care mistakes. Physician teamwork, nursing, information technology (eg, computerized medical records), and faculty supervision were the most prominent. For example, the information technology available at the VA hospitals often helped to facilitate patient care, but it also provided an overwhelming amount of information to sift through. It was clear that the influence of some of these factors varied from institution to institution, reflecting the cultures of different programs.
Our results are consistent with those reported from previous studies. Striking a balance between preventing resident fatigue and preserving continuity of care has been debated since the ACGME announced changes to resident work hour limits. 27 Resident quality of life generally improves and fa-tigue decreases with work hour limits in place, 28 but patient safety remains a concern. 10 Our findings corroborate the benefits of improved resident wellbeing and the persistent concerns about patient safety, identified in a recently published study at a different institution. 29 However, our findings expand on those reported in the literature by offering additional empirical evidence, albeit qualitative, about the way that residents see the relationships among the consequences of work hour rules, resident-reported contributors to patient care mistakes, and the mistakes themselves.
Our study should be interpreted in the context of several limitations. First, the use of qualitative methods did not allow us to generalize or quantify our findings. However, we purposely included 3 diverse institutions with differing responses to the work hour rules to enhance the external validity of our findings. Second, the last focus group was conducted a year after the first 3; by that point, the work hour rules had been in place for 20 months. We believe that this was both a strength and a limitation because it allowed us to gain a perspective after some of the initial "growing pains" were over. This time lag also allowed for analysis of the first 3 transcripts so we could revise the focus group guide and ultimately determine that thematic saturation had occurred. In addition, few of our questions were phrased to evaluate the ACGME rules; instead, they asked about links among discontinuity, scheduling, fatigue, and patient care. We therefore believe that even residents who were not in the programs before the work hour rules began were still able to knowledgeably participate in the conversation. One question directly referable to the ACGME rules asked residents to reflect on problems arising from them. This could have led residents to only reflect on the problems associated with the rules. However, in all 4 focus groups, residents commented on the positive impact of improved well-being resulting from the work hour rules. This led us to believe the respondents felt they could voice their favorable feelings as well as their unfavorable feelings about the rules. An additional limitation is that the agreement between coders was only 45%. It is important to realize that assessing coding agreement in qualitative work is quite difficult because it is often difficult to assign a single code to a section of text. When the coders discussed a disagreement, it was almost always the case that the difference was subtle and that the coding of either investigator would made sense for that text.
Finally, our results are based on the participation of 28 residents. To be certain we were not representing the opinions of only a few people, we presented iterations of this model to faculty and resident groups for their feedback. Importantly, the residents offered no substantial changes or criticisms of the model.
Limitations notwithstanding, we believe our findings have important policy implications. First, despite work hours successfully being reduced, residents perceived no decrease in the amount of work they did. This resulted in higher workload and more entropy, suggesting that residency programs may need to carefully evaluate the patient care responsibility carried by residents. Second, continued effort to educate residents to provide effective signout is needed. As one participant pointed out, residency offers a unique opportunity to learn to manage discontinuity in a controlled setting. Another educational opportunity is the chance to teach physician teamwork. Participants believed that effective teamwork could ameliorate some of the discontinuity in patient care. This teamwork training should include faculty as well, although further work is needed to define how faculty can best add to patient continuity while still fostering resident autonomy. Finally, the impact of work hour rules on the professional development of residents should be further explored.
In conclusion, we have proposed a model to explain the major resident-reported contributors to patient care mistakes with respect to resident work hour rules. Our results help to clarify the next steps needed: testing the proposed relationships between the factors and patient care mistakes and rigorously evaluating solutions that minimize the impact of these factors. Returning to the Swiss cheese framework for describing systems accidents, our results suggest that although resident work hour reductions may have sufficiently filled the hole caused by resident fatigue, other gaps may have actually widened as a result of the systems put into place to achieve compliance. Continued vigilance is therefore necessary to both identify the additional holes likely to appear and, more importantly, effectively close those holes before patient harm occurs.
APPENDIX 1. INITIAL FOCUS GROUP GUIDE (FOCUS GROUPS 1-3)
condition, which situation would you prefer for their care (all other things being equal): admission by night float with handoff to a new but well-rested resident or admission by a resident who then continues to care for that family member the next day but has been awake for 24 hours, admitting and cross-covering other patients? Why? 13. What do you think was the intent of the ACGME rules? Do you think that those goals have been accomplished? Why or why not? How have they affected you as residents? How do you think that the ACGME work hour rules have influenced patient care?
